Monosynaptic input from Leu5-enkephalin-immunoreactive terminals to vagal motor neurons in the nucleus ambiguus: comparison with the dorsal motor nucleus of the vagus.
Vagal motor neurons in the rat dorsal motor nucleus of the vagus (DMN) are known to receive direct synaptic input from enkephalin-containing terminals. We examined 1) whether the vagal motor neurons within the nucleus ambiguus (NA) also received monosynaptic input from enkephalin-immunoreactive terminals and 2), if so, whether their ultrastructural relations differed from those in the DMN. In both regions, terminals containing Leu5-enkephalin-like immunoreactivity (LE-LI) were examined in relation to motor neurons identified by retrograde transport of wheat germ-agglutinated horseradish peroxidase (WGA-HRP) applied to the cut end of the cervical vagus nerve in single sections of the medulla oblongata of adult rats. By light microscopy, the most significant overlap between varicose processes with LE-LI and WGA-HRP-containing neurons was seen in the rostral compact portion of the NA and the DMN at the level of the obex. Thus, only these regions were examined by electron microscopy. The most distinguishing ultrastructural feature of WGA-HRP-labeled neurons in the NA compared to the DMN was their higher incidence of nonsynaptic appositions with other neurons. In both the NA and the DMN, terminals with LE-LI formed primarily symmetric synapses on smaller (presumably distal) dendrites; many of these dendrites, as well as most target perikarya, contained WGA-HRP. Additionally, in the compact portion of the NA compared to the DMN 1) multiple LE-labeled terminals more frequently contacted single perikarya or dendrites and 2) single terminals with LE-LI more commonly showed two contacts or active zones and contained more abundant LE-immunoreactive large (80-100 nm) dense-core vesicles (dcvs). In contrast to small (40-50 nm), clear vesicles, which were usually aggregated near active zones, the immunoreactive dcvs were usually located near glial processes distal to these zones. These results indicate that enkephalin immunoreactivity is intensely localized to dcvs within terminals that may have direct inhibitory (symmetric synapses) actions on vagal motor neurons in both the compact portion of the NA and the DMN. Moreover, because numbers of dcvs and active zones have been equated with synaptic strength, our findings suggest enhanced potencies of enkephalin-immunoreactive terminals in the compact portion of the NA. Our findings support a prominent role for enkephalin in the coordinated activity of esophageal motor neurons located in the compact portion of the NA.